Abstract An integrated method has been adopted to estimate soil loss in a plateau and plateau fringe river basin where soil erosion is significant. The integration of Revised Universal Soil Loss Equation model and geographical Information technology has been used for soil loss estimation. In GIS platform, the overlay of rainfall-runoff erosivity factor, soil erodibility factor, slope length factor, slope steepness factor, cover and management factor, support and conservation practices factor results that the high amount of soil loss (more than 100 t ha -1 year -1 ) is significantly low and occupies 0.08% of the entire study area. High soil loss in upstream of the basin has a close relation to LS and K factor and drainage density. As a result of soil loss in the upper catchment areas, reservoir capacity has been depleted both in dead and live storage space. It is concluded that soil erosion has a significant impact on plateau fringe areas and the estimation of soil loss is an essential input for the adoption of proper land use planning and development strategies.
Introduction
Soil erosion occurs as a result of changes in agricultural practices, agricultural intensification, land degradation and global climate change (Yang et al. 2003) . Inter-rill and gully erosion are the results of the removal of soil particle from its parent place of origin by the raindrops. These detached particles of soil are then transported ultimately to the river basin that enrich the suspended sediment yield, bed load and sediment delivery ratio of the river basin (Beskow et al. 2009 ). The amount of soil erosion and sediment yield is measured quantitatively and consistently with the help of two types of models: physical based models and empirical models. The physical based models illustrate the mechanism of the controlling of the erosion processes by solving corresponding various equations, while the empirical models are widely used for measurement of the surface soil loss and sediment yield from the catchment areas (for sediment yield estimation) (Bhattarai and Dutta 2007) . Soil erosion is the major problem for a river basin as it removes nutrient that is essential for the growth of the plants and increases sedimentation of the river channel and reservoirs (Narayan and Babu 1983) . It has been estimated by Narayan and Babu (1983) that in India, 16.4 t ha -1 (5334 m-tonnes) of soil detaches annually due to various reasons, 29% of soil loss is carried away by the river into the sea and 10% into the reservoirs that lead to reservoir sedimentation. Soil is detached mainly by rainwater erosion (56 %) and wind erosion (28 %) (Brady and Weil 2012) . However, physical deterioration (12 %) and chemical deterioration (4 %) also leads to soil erosion, even though in small amounts (Brady and Weil 2012) . The decrease of soil erosion is associated with the increase in infiltration rate. After the infiltration process, the overflow surface water forms runoff. On the surface, the quantity of materials of different sizes increases with the increase in the velocity of the runoff. It is distinct in the upstream section of a river, where the slope is high. On the contrary, in the downstream section, the velocity decreases with the reduction in the slope that further encourages the sediment to deposit in the valley and the reservoir. Thus, the initiation of sediment deposition occurs as a result of soil loss in the catchment area (Jain 1996 (Jain -1997 . Several models such as EUROSEM (Morgan et al. 1998) , LISEM (De Roo et al. 1996) , SWAT (Arnold and Fohrer 2005) , WEPP (Flanagan et al. 2007 ) have been developed to estimate soil erosion on basin scale.
Numerous scholars have worked on the soil erosion using different types of models based on the suitability of the regions across the world. Most of these works apply to the mountainous and plateau areas. The soil erosion models are too diversified globally. Millward and Mersey (1999) have worked on the Revised Universal Soil Loss Equation (RUSLE) model of soil erosion using IDRISI software in the mountainous area. A similar model was used by Rahman et al. (2009) in which they assessed soil erosion hazard using Z-score analysis with selected standardized factor and weight to compute a synthetic Soil Erosion Hazard Index (SEHI). Lim et al. (2005) has used the RUSLE model, in which they have developed a GIS-based Sediment Assessment Tool for Effective Erosion Control (SATEEC) to estimate soil erosion and sediment yield within a watershed. Meusburger et al. (2010) have modelled the soil erosion with USLE and Pan-European Soil Erosion Risk Assessment (PESERA) using IKONOS and Quick Bird images for derivation and detection of vegetation parameters in alpine catchment areas and found that the USLE model is less suitable than the PESERA-VBA model possibly due to the high impact of c factor. They have also found that the estimation of soil loss is greater in the USLE model than the PESERA model.
In context to the Indian perspective, some literature is available based on the hills and plateau regions. A comparison of DEM data having different resolutions has been done by Bhattarai and Dutta (2007) , along with the use of GIS techniques to estimate soil erosion and sediment yield using USLE model and Sediment Delivery Ratio (SDR). It is observed that the generated yield is closer to the 30 m resolution than the 90 m resolution of the DEM data. In a study in the high altitudes, Jain et al. (2001) have estimated soil erosion for the Himalayan watershed using two models viz. Morgan Model (Morgan et al. 1984 ) that estimate the volume of overland flow and USLE model for estimation of soil erosion. They have found that the Morgan model is mostly suitable for hilly terrain like Himalaya, as the USLE model has a greater value of soil erosion. In a study in plateau areas, Jain and Kothyari (2000) have estimated soil erosion and sediment yield through USLE model and SDR using GIS techniques for the two watersheds of Jharkhand. They found the sediment source areas using soil maps and sediment delivery ratio. Another study in the same areas, has been done by Pandey et al. (2007) , in which they have identified the critical erosion prone areas using USLE model through GIS and remote sensing techniques and found that the differences between the observed and the estimated soil loss. A study by Ghosh and Guchhait (2012) , have estimated soil loss using USLE and Morgan, Morgan and Finney (MMF) methods in the lateritic tracts of Jharkhand and found that the estimated soil loss is greater in the MMF method than in the USLE method in most of the soil types. Soil loss estimation has also been done in the southern regions of India by Prasannakumar et al. (2012) . In this study, they have generated cover-management factor (C) using Normalized Difference Vegetation Index (NDVI), an indicator of vegetation health to estimate soil erosion. Most of the works have been carried out in the hills and plateau regions of India, as this areas have faced more soil loss than the plain regions.
Soil erosion is one of the key land degradation problems in the plateau area river basins of eastern India. Soil erosion and various other degradation processes enhance sedimentation process of the rivers of the plateau area of Jharkhand. The Barakar River Basin is a major catchment area of Chotanagpur Plateau in Jharkhand. The present study is an attempt to focus on the estimation of soil erosion in the Barakar River Basin and its impact on the Maithon Dam reservoir sedimentation.
Location and description of the study area
The Barakar River is the principal tributary of the Damodar River in eastern India. It originates at the Hazaribagh Plateau near Padma in Hazaribagh district of Jharkhand and flows for 225 km across the northern part of the Chotanagpur Plateau, mostly in a west to east direction, before joining the Damodar River at Dishergarh in Bardhhaman district of West Bengal (Fig. 1) . The catchment area of the Barakar River is 6159 km 2 . The river basin, a part of the Chotanagpur Plateau, is characterised by very complex structural geology. The river flows through the plateau and plateau fringe area where soil loss is significant. The soil in the Barakar river basin is mainly red soil and red loamy soil of the Chotanagpur gneiss and granitic surface (Singh 1971; ICAR 2008) . Loose sandy soil and lateritic soil have also developed over the Gondwana sediment and pats respectively (Sen and Prasad 2002; ICAR 2008) . Due to the high presence of ferruginous biotite and hornblende, the soils over the gneiss and granite surface are red and reddish black in colour (Singh 1971) . The elevation varies from 150 to 400 m above the mean sea level in the study area. The general slope of the basin is toward the east and south-eastward direction. The basin is characterised by dry winter from November to February and wet summer from March to May. Maximum occurrences of rainfall take place from July to September, which accounts for more than 90 % of the total rainfall in the state. The other months of the year April, May and October experience a little amount of rainfall. The vegetation is scattered throughout the basin, and the forest covers have been found in the plateau areas of Paresnath Hills and Hazaribagh Plateau. The upper section of the Damodar-Barakar river valley belongs to the plateau and plateau fringe area, and 66 % of this region has faced the problem of land degradation due to soil erosion and other types of erosion (Misra 1999) . Though, the area, is covered with thick forest cover with the grasses, 35 % of the agricultural land is prone to sheet erosion (Misra 1999) . Even though, the dense forest and grasses have performed the function of protective soil cover, but of late, several factors are responsible for the soil detachment from the land surface and the transportation of sediment to the nearby streams. Mainly, the removal of soil cover or the vegetation, improper use of the land in agricultural activities and the increase of the concretization, masonry works, engineering constructions and other human activities accelerate the tempo of soil erosion from the land surface (Pandey et al. 2007 ).
Materials and methods
Soil erosion of a catchment area is estimated through several models. In this study, soil erosion has been estimated with the help of RUSLE model (Renard et al. 1991; Millward and Mersey 1999; Jiang et al. 2015 ). The RUSLE model has been used for its simplified nature and this model is the latest version of soil loss measurement in comparison to the USLE (Musgrave 1947; Wischmeier and Smith 1965) and the MUSLE models (Williams 1975) . RUSLE has more flexibility in modelling erosion in new conditions and is more efficient than USLE (Wischmeier and Smith 1965) . RUSLE is a combination of empirical and process-based design and has the advantage over USLE in terms of its optimum use of the database. RUSLE factors allow more flexibility in calculating soil loss by calculating them precisely into subfactors. It also allows to estimate deposition through sediment transport (Yoder et al. 2004 ). However, USLE/RUSLE cannot measure the real picture of soil erosion as the basis of this model is a coefficient that is calibrated on the basis of the observations. Nontheless, it is widely applicable for its simplicity and data availability (Jain and Kothyari 2000; Bhattarai and Duttta 2007; Pandey et al. 2007; Sinha and Joshi 2012 ; Jiang et al. 2015; Balasubramani et al. 2015) . From the collected and calculated data, RUSLE can estimate the soil loss on the valley side of the basin area. With the help of the obtained result from RUSLE model, sedimentation of the river basin and the reservoirs can be assessed. Through the RUSLE model soil loss can be estimated for river basins as well as for individual farm fields or other areal units also.
Generation of the thematic maps of RUSLE model
The primary equation (Eq. 1) of RUSLE method for predicting annual soil loss is as:
where, A is the average annual soil loss per unit area (tons/ ha -1 ); R is the rainfall-runoff erosivity factor (MJ mm ha -1 h -1 ); K is the soil erodibility factor (ton ha h MJ
; L is the slope length factor; S is the slope steepness factor; C is the cover and management factor; P is the support and conservation practices factor.
Rainfall erosivity factor (R)
The rainfall erosivity factor (R) acts as the force for sheet and rill erosion without protection. The high rate of rainfall with large drop size can erode the soil particles faster than normal rainfall. High runoff flow is caused due to heavy storm leads to the majority of sheet or rill erosion. The rainfall data for calculation of rainfall erosivity has been collected from the Hydraulic Data Division, DVC, Maithon. It provides 13 years (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) of daily rainfall data of six rainfall gauging station of the Barakar River basin. For the generation of rainfall erosivity map of the study area, R-factor has been estimated by the equation developed by Renard and Freimund (1994) . The equation is also used by Pandey et al. (2007) and Beskow et al. (2009) . The average monthly erosivity El i equation (Eq. 2) is as follows: 
where, El i is the average monthly erosivity (MJ mm ha -1 h -1 ) for the month of i; r is the average monthly rainfall (mm) for the month i and P is the mean annual precipitation (mm). Using Eq. 2, monthly rainfall erosivity has been obtained. The annual rainfall erosivity has been derived by summing up of the monthly erosivity values of each of the stations (Table 1 ). The spatial distribution of R factor has been obtained using the Kriging method in ArcGIS (version 10) software.
Soil erodibility K factor
Soil erodibility (K) refers to the inherent susceptibility of the soil to erosion and it depends on the mineralogical, chemical, physical and morphological attributes of the soils (Pérez-Rodríguez et al. 2007 (Das 2012 ) and the maps provided by ICAR. Das (2012) has given a value of K based on several studies in India based on soil types, texture and organic matter, has been used in the study. 11 types of soil classes of the studied basin have been identified, and values are assigned to different classes of soil (Table 2) .
Topographic LS factor
Topography plays a significant role in erosion or landslide. The topographic factor (LS) depicts the effects of topography on erosion and contains the length and steepness of the slope that influence the surface runoff speed (Beskow et al. 2009 ). The topographic factor includes the slope length factors (L) and slope steepness factors (S). The LS factor has been generated using the ASTER DEM (2011) (30 m resolution) that has been collected from USGS earth explorer. From the ASTER DEM image, the of slope has been derived using ArcGIS (10). For the calculation of Slope length factor, the equation that has been given by McCool et al. (1987) has been used. If k is the horizontal projection of the slope length (in meter), then slope length factor (L factor) (Eq. 3) is given as:
where, L is the slope length factor; k is the contributing slope length (m); m is the variable slope length exponent that varies based on slope steepness. The slope length exponent 'm' is related to the ratio of rill erosion to interrill erosion (caused by raindrop impact). The slope steepness has been considered that was provided by Pandey et al. (2007) . The values of slope length exponent that has been considered as 0.3 for slopes less than 3 %, 4 for slope of 4 % and 5 for slope that is greater than 5 %. The slope steepness factor (S factor) is evaluated from the equations (Eqs. 4.1, 4.2) given by McCool et al. (1987) for slope longer than 4 m: where, S is the slope steepness factor (dimensionless) and h is the slope angle (degree). The L and S factor layer has been generated by the multiplication of both L and S factor in raster calculator in Arc GIS.
Crop management (C) and support practice (P) factor
The C and P factors also play a significant role in the form of conservation practices. The cover management factor (C) depends on the land use and it is the ratio of soil loss from a cropped land in a particular condition to the soil loss in the continuous tilled fallow on the same soil and slope (Pandey et al. 2007 ). The C and P factor values are assigned to different category based land use and land cover of the river basin. For the classification of land use and land cover, satellite image has been used, and it is provided by USGS Earth Explorer-Landsat 5 (2011) (spatial resolution 30 m). From the satellite image, the basin area has been extracted and it is classified in six land use categories with supervised classification (Maximum Likelihood Classifier algorithm) using image processing software ERDAS IMAGINE (Joshi and Nagare 2009) . Six land use/land cover categories have been identified viz. settlements/built up areas, waste land, agricultural land, reservoirs, rivers, and vegetation. The land use categories have been verified by ground truth verification during the field survey. The C factor map is associated with the land use and the land cover map of the basin. The land use which is associated with highly vulnerable to soil loss has been assigned as high value (highest value is 1) and vice versa. Table 3 shows the values of C, and it has been assigned to the several studies in Jharkhand, India (Jain and Kothyari 2000; Pandey et al. 2007 Pandey et al. , 2008 . The built up areas or settlements and its surrounding areas are associated with the high amount of soil loss and have been assigned as the value of 1. Similarly, agricultural practices and waste land/ barren land are associated with less soil erosion. Thus, these are assigned as 0.28 and 0.18 respectively. On the contrary, vegetation and forest protect the land from soil erosion thus it is assigned as low value (0.06) and reservoirs and rivers are not considered as soil erosion factors and these are designated as 0.
The support practice factor (P) is the ratio of soil loss with a particular support practices to the corresponding loss of up and down slope cultivation (Pandey et al. 2007; Brady and Weil 2012) . The support practise factor (P) has been calculated based on the cultivation method. It is calculated as the relation between terracing and slope in the paddy field areas and is estimated according to the relation between contouring and slope in the crop field areas. Pandey et al. (2007) , in their study on the small watershed of a basin of Jharkhand, has identified two classes of P-factor, viz. paddy and non-paddy areas. As the primary crop of the study area is paddy, support practises of the study area have been categorised into two types such as paddy fields and non-paddy fields and, the values have been assigned based on the previous study by Rao (1981) , Pandey et al. (2007) and Balasubramani et al. (2015) . Nonpaddy fields have been considered to be highly vulnerable to erosion and are designated a value 1. The paddy areas have been designated as a value of 0.28. The agricultural lands of paddy cultivation have been obtained from the classified images of Landsat 5 TM (2011) satellite images. The soil erosion through the RUSLE model has been generated by multiplying all the required input thematic maps of the model in GIS platform. To run this model, five input raster files are needed as data files. These pre-required maps are namely the R factor, K factor, LS factor, C-factor, P factor map of the area. The potential soil erosion and the actual soil erosion maps have been derived by multiplication of the thematic maps in raster calculation in ArcGIS using the R, K, LS factor maps and the R, K, LS, C, P factor maps respectively.
Derived soil erosion map has been overlayed with the drainage density map of the basin to identify the effects of drainage density in soil erosion. The role of drainage density on soil loss has been established with multiplication of drainage density and soil loss map in raster calculator tool of ArcGIS. Drainage density (Dd) is a measure of total stream length of a basin to the total area of the basin (Strahler 1964) . The drainage density has been calculated as defined by Horton (1945) . The formula (Eq. 5) of drainage density (Dd) is as follow:
where, Dd is the drainage density; L u is the total length of channels in a basin and A represents the area of the basin.
Analysis of effects of soil loss in reservoir sedimentation
In order to analyse the role of soil loss in reservoir sedimentation, the temporal sedimentation rate of the Maithon Dam reservoir has been explained. Due to the unavailability of data on sediment discharge and sediment yield, the sediment delivery ratio has not been calculated and the sedimentation rate is used to put a highlight on reservoir and river sedimentation (Hardon 1993) . The variation of the volume of sediment deposition from the mean deposition has been estimated with the help of sedimentation data of the Maithon reservoir and it is collected from the Hydraulic Data Division, DVC, Maithon. A graph has been plotted based on the distance from the dam towards the upstream of the reservoir in order to show the sedimentation rate of the different section of the reservoir. Spatial as well as the depthwise distribution of the sedimentation at the Maithon reservoir, has been analysed. The loss of various types of the storage capacity of the Maithon reservoir due to sedimentation has been interpreted with the help of the storage capacity data that has been collected from the Hydraulic Data Division, DVC, Maithon. The trend of sedimentation and its variation from the mean sedimentation have been analysed in the temporal context from 1955 to 2002.
Results and discussion

Spatial distribution of soil erosion factors in the Barakar River basin
The spatial distribution of the soil loss through the RUSLE model has been derived using the map of rainfall erosivity (rain rate), soil types, slope and land use (Figs. 2, 3, 4) . The area of potential soil erosion is susceptible to soil erosion or expected soil loss without the interference of human activities. The spatial distribution of the potential soil erosion has been derived using the map of rainfall erosivity (rain rate), soil types, and slope. Greater rainfall erosivity and high slope are highly vulnerable to water erosion. The soil type is also a major determinant of the erosional activity. The silty soils are highly susceptible to water and wind erosion while clayey type of soil is least susceptible to soil erosion (Brady and Weil 2012). In the R factor map (Fig. 2a) , the downstream regime and the southern portion of the Barakar basin have high erosivity as the precipitation rate is high in this regime. The downstream portion is the plateau fringe and plain area and is under the semi-humid climatic condition. High erosivity due to the high precipitation rate is associated with high susceptibility to erosion. On the contrary, the northern and western portion of the basin has been characterised by low erosivity.
In the K factor map of the basin, a higher value of 0.51 is more susceptible to erosion (Fig. 2b) . Fine-loamy, coarse-loamy, fine and coarse-loamy texture having a higher value of K is more vulnerable to erosion. Soil with loose texture along with low organic matter is highly susceptible to erosion. Most of the areas of the Barakar river basin are covered with the Alfisol type of soil that is high in clay content with the presence of clay skin in the B horizon. This silicate clay has accumulated by the process of illuviation. The clay cover favours moderate leaching and infiltration process and is associated with high soil loss from the surface. The sandy Alfisol is susceptible to erosion by heavy rain if it is void of the natural surface litter (Brady and Weil 2012).
The LS factor map indicates that higher the value, greater its potentiality to erode. In the Barakar River basin, the elevation is ranged from 50 m (upstream section) to 700 m (downstream section) (Fig. 3b) . Most of the area of the basin is characterised with the low slope or the low value of LS factor and it thus favours low to moderate soil loss in the basin. The distribution of the area of the LS factor is classified into six classes (Fig. 3a) . It has been observed that about 90 % of the basin area has values of less than two which indicates moderate erosion (Table 4) . On the other hand, high vulnerable to erosion i.e. LS factor value of above five occupies the least area.
In the Barakar River basin, six categories (built-up areas/ settlements, vegetation covers, waste lands, agricultural lands, rivers, reservoirs) of the land use land cover are prominent. Agricultural land, built up areas/settlements and waste lands have the highest values as these contribute significantly to soil erosion (Fig. 4a) . The built-up areas are limited to few areas, but the wastelands are scattered throughout the basin. The built-up areas may reduce erosion through concretisation, but it enhances erosion by disturbing the soil texture, organic matter, etc. In the western and the eastern side of the basin, agricultural lands are significant due to plain topography and low elevation. The vegetation cover in the hilly area, has the capability to protect the soil loss to a certain extent, but shallow to medium depth soil is more susceptible to erosion in the hilly areas. P factor depends on the erosion control practices that have been undertaken in the basin. In the Barakar basin, no significant measure has yet taken for the protection of the soil loss except for the agricultural activities which include mainly paddy and wheat cultivation (Fig. 4b) . The hilly area has been characterised by the non-paddy field where high susceptibility of soil erosion is prominent.
Estimation and spatial distribution of soil erosion in the Barakar River basin
The distribution of soil loss in the Barakar River basin has been shown in Fig. 5b . The potential soil erosion map (Fig. 5a ) and actual soil erosion map (Fig. 5b) has been generated from several RUSLE factor maps. Potential soil erosion map represents the expected erosion of the soil without the consideration of cover management and support practice factors. The potential soil loss is associated with the slope or the LS factor of the basin as the high vulnerability of potential soil loss is observed in the high slope areas (Fig. 5a ). The actual soil loss is associated with the addition of cover management and the support practice factors. The estimated soil erosion of the Barakar river basin is ranged from 0 to 282 t ha -1 year -1 (Fig. 5b) and it is considered as moderate to high soil loss as mentioned by Pandey et al. (2007) . The soil loss of the basin has been categorised into six categories. In Table 5 , it is observed that the major part (about 80 %) of the river basin has experienced a low soil erosion of less than 14 t ha -1 year -1
and it signifies that the support practices are important in this region where the paddy cultivation is dominant. On the contrary, soil loss of more than 100 t ha -1 year -1 is significant in 0.08 % of the river basin. The critically high soil erosion in this region is associated with the plateau fringe areas and the support practices are not significant as this areas are devoid of any type of cultivation. The area of soil loss is inversely related to the amount of soil loss and it is the indication of the high amount of soil loss that is observed in few areas of the catchment and vice versa (Fig. 6) . Overall, in the basin, the soil loss is high in the headwater or upstream section of the Barakar river, where shallow depth of the Alfisol soil promotes erosion. In the downstream regime of the river, the high soil loss is the result of the built up areas and high rainfall erosivity. In these areas, poor agricultural practices also promote soil loss. The high percentage of waste lands in the plateau and plateau fringe area, the presence of Alfisol soil and high rainfall erosivity in the downstream section favour moderate to high amount of soil loss in the river basin. Except for the major cities (Dhanbad, Barakar, Giridih, Koderma) and its surrounding areas, the population density is not too high and the vegetation covers can protect the soil loss from the plateau areas as Jharkhand state is known as the 'Land of forests'. Though waste lands have occupied significantly in the middle portion of the basin, actual soil erosion is low in the region. Low slope, land use land cover character and support practice factors can cope up with erosion in this region.
Drainage density and soil erosion of the Barakar river basin
The drainage density (Dd) of a cathment area depends on the precipitation, infiltration capacity, underlying rock and soil texture, vegetation, hydraulic conductivity of the underlying soil (Sreedevi et al. 2009 ). The high Dd of the river basin is characterised by high elevation and slope (Fig. 7a) . The western portion of the basin or the upstream regime and eastern portion of the downstream regime of the Barakar river is charecterised by high Dd. Soil erosion of the Barakar river basin is partly related to the drainage density. The overlying map of drainage density and soil loss reveals that the in the upstream section of the basin, Dd and soil loss are high to very high (Fig. 7b) . It is associated with high elevation with the presence of several finger tip streams and the shallow depth of the Alfisol soil. Thus, the loose coarse soil and a number of streams promote soil loss in this area. In the eastern portion of the basin or the downstream reach of the river is associated with the high soil loss but the Dd is not so high. In this reach, C factor and R factor is the reason for high soil loss. At the mouth of the river (Fig. 1) , the high Dd is not related to high soil loss as the elevation and slope of this region is low.
Role of soil erosion in reservoir sedimentation of Maithon reservoir dam
Soil erosion of the catchment areas is the source of deposition in the riverbed and the reservoir of the river. Reservoir sedimentation is also influenced by soil erosion in the upper catchment of the reservoir. In the Barakar River, two significant reservoirs are Tilaiya dam reservoir and Maithon dam reservoir. Sedimentation in the river and reservoir has increased with the increase in soil loss. The increase of the braid-channel ratio in the downstream regime of the river is also a result of the soil loss in the upper catchment areas (Biswas 2014 ) and greater discharge of sands (Khan 1987) . The same scenario has been observed at the Maithon dam reservoir, where there is an increase in the tendency of the sediment deposition rate and fluctuation from the mean of sediment deposition from 1955 to 2002 (Fig. 8) . In the spatial context of the reservoir, the thickness of sediment deposition gradually decreases upward to the dam (Fig. 8) . The sediment deposition rate from 1955 to 2002 is 1306 m 3 /km 2 year -1 . The high sedimentation in the Maithon reservoir may be due to a large amount of soil loss at the upstream part of the river basin. In the lower section of the river, the rills and gully development are significant except at the bank that is made up of sandstone rocks (Biswas 2014) . As a result of soil loss in the upper catchment areas, the reservoir capacity has been depleted in dead storage as well as in live storage space. From 1955 to 2002, the total volume of capacity loss is 327 9 10 6 m 3 and average annual loss of capacity is 7.02 9 10 6 m 3 . In the reservoir, all the zones (dead storage, flood zone, live storage) are characterised by the loss of capacity due to sedimentation. From 1995 to 2002, the reduced amount of dead storage, live storage and flood zones are 113.3, 165.78 and 48.27 1 Mm 3 respectively. The soil loss in the catchment area not only affects the reach wise distribution of the sediment deposition but also affects the depthwise distribution of the sedimentation. In the depthwise distribution of sediment, it has been found from the literature that 65 % of the total sediment deposition takes place in the top 47 % of the reservoir, and it is an indication of upstream deposition. Whereas, the Maithon reservoirs favours slight upstream deposition (Damodar Valley Corporation 2003; Central Water Commission 1998) .
Changes in the rate reservoirs sedimentation of the Barakar River
The reservoir sedimentation is the combined effect of soil erosion and land use changes in the catchment area and other human activities in the river and its basin (Biswas 2014) . The rate of sediment deposition had declined in the initiation phase of the Maithon dam construction in 1957 (Fig. 9a) . However, post 1965, there has been an increase in the sediment deposition rate since 1970. In between 1963 and 1979, the sediment deposition was less than the mean of the whole period. After 1980, an increase in the trend of deposition has been observed as the effects of an increase in the suspended and bed load sediment of the channel that accelerate the sedimentation process. The volume of deposition from the mean deposition has also been increased after 1980's at the Maithon reservoir (Fig. 9b) . Before 1980's, the volume of sedimentation is below from mean deposition. The increasing trend in reservoir sedimentation and volume of deposition is caused by the removal of forests or reduction in vegetation covers in the river basin. Thus, the reduction of forest leads to soil erosion and land degradation in the catchment areas and increase in braid characters in the river bed along with an increase in the suspended and bed load materials of both the river and the reservoir (Ward et al. 2009 ).
Conclusion
The estimation and spatial distribution of soil erosion in the Barakar river basin using the pre-existing method of RUSLE and GIS technique, consider that the basin has faced moderate to high soil loss. Most of the areas (*80%) have suffered soil loss of less than 14 t ha -1 year -1 . A significant negative relationship (R 2 = 0.92) exists between the area of soil loss and the amount of soil loss, which depicts the high amount of soil loss in a few areas and vice versa. The fallow lands are highly susceptible to erosion. The limitation in the absence of sediment yield data forces to exclude the measurement of sediment delivery ratio. Then, the amount of reservoir sedimentation rate might have been accurately measured. Hence, no field data had been collected, and thus no calibration/verification/validation could be undertaken. Validation of the soil loss might have resulted more authentic and reliable. Hence, the remote sensing and GIS tools play a significant role in the generation of required maps for the RUSLE model. GIS analyses the input details in a much faster along with the better spatial distribution of output maps that are legible to a layman also. Use of GIS techniques to measure the soil loss can be more authenticate and reliable with high-resolution spatial data.
The land use changes increase the soil loss in the plateau and plateau fringe areas. It is hardly possible to stop the soil loss from the earth surface, but, it could be reduced through the proper land use and support practices. Crop rotation, contour strip-cropping play a significant role in controlling soil loss and overgrazing should be prohibited to reduce the surface soil loss. The conservationists and planners should implement the management strategies more accurately for the catchment areas to sustain the environment and accelerate the longevity of the reservoirs.
